The isolation and study of glycerol-utilizing mutants of Rhodopseudomonas capsulata indicated that the wild-type organism has genes capable of coding for the catabolism of glycerol but is unable to express them. Furthermore, the genetic lesion in the original glycerol-utilizing mutant, Ll, occurred very close to these genes.
A mutant strain of Rhodopseudomonas capsulata has been described which had gained the ability to utilize glycerol as a nutrient source (6) , an ability not ordinarily possessed by the wildtype bacterium (11, 13) . This cell line, designated LI, produces two new enzymes, neither of which can be detected in the parental strain. The new enzymes are a soluble glycerokinase and a particulate, NAD-independent glycerophosphate dehydrogenase which is not stimulated by added flavins. In these characteristics, both enzymes are similar to glycerol-assimilating enzymes found in other bacteria, including the closely related species R. sphaeroides (4, 8) . A comparison of the glycerokinase and the glycerophosphate dehydrogenase Km values reported for other bacteria (2, 8) with those for L, have indicated that the affinities of the newly expressed enzymes for their substrates are as good as the affinities of R. sphaeroides enzymes and in the same ranges as the affinities of Escherichia coli enzymes (6) . Thus, it appears that the mutation in L1 allows the expression of a group of previously existing genes capable of coding for the catabolism of glycerol, a glp operon, which cannot be expressed in the wild-type organism. This paper reports further studies on the nature of mutant L1.
R. capsulata ATCC 23782 was the wild-type organism used in this study. All media used have been described elsewhere (6) , as have the enzyme preparations and assays (8) . The gene transfer experiments were conducted as described by Marrs (7, 10) .
Additional glycerol-utilizing mutants of R. capsulata were isolated for comparison with the original LI mutant. A second glycerol-utilizing mutant, L2, was obtained after exposure of a wild-type culture to UV irradiation. The original L1 mutant had spontaneously arisen in a photosynthetically grown broth culture (6) . This procedure was repeated and, after several weeks, resulted in the isolation of two more glycerolutilizing mutants, L3 and L4. All L-series mutants displayed in a malate-glycerol medium a biphasic growth curve similar to that described for the original mutant (6) . During the first phase, the doubling time was 2 h, owing to the utilization of malate as the carbon source. During the second phase, the growth rate was substantially reduced, owing to the utilization of glycerol, and this rate varied depending on the mutant (Table 1) . Each of the newly isolated Lseries mutants produced two new enzymes which were similar to those produced by L, (6) .
Although the specific activities of the enzymes from L2 were essentially identical with those of L1 enzymes (6), this was not the case for the enzymes from L3 and L4 (Table 1 ). In both of these organisms, the enzymatic specific activities were lower than those of L, and L2. This reduction in specific activity in part reflected the differences in growth rates on glycerol (Table 1 ).
These differences could be the result of different affinities of the mutant enzymes for their substrates or differences in enzyme amount among the mutants. To distinguish between these two possibilities, I determined the Km values of the enzymes for their substrates (Table 2 ). There was very little, if any, difference among the affinities of the enzymes for their substrates. Thus, it appeared that in all four mutants, the genetic lesions resulted in the expression of the same genes.
The differences in growth rates (Table 1) can be explained in part by the fact that strains L1 and L2 produced more of the glycerol-utilizing enzymes than did the other two strains, but this does not explain the growth rate difference between L3 and L4. In E. coli, an enzyme which facilitates the diffusion of glycerol into the cell has been reported (9) . Although a similar enzyme has not been demonstrated for L1 (5) , the possibility remains that such an enzyme may exist, and the absence or reduction of its activity in L4 could account for the difference in growth rates. Another possibility lies in the control of enzyme activity. The glycerokinase of E. coli has been reported to be subject to both catabolite repression (4) and feedback inhibition (14) .
No work has been done on the control of the glycerol-catabolizing enzymes of L1, but it has been reported that glycerol is not used in the presence of malate, even though both glycerokinase and glycerophosphate dehydrogenase are present (5) . This indicates that the activities of the glycerol-utilizing enzymes of L, are subject to some form of inhibition. Therefore, a difference between L3 and L4 in the control of the enzymes could explain the difference in growth rates.
To determine the location of the lesion in L1 which conferred the ability to utilize glycerol relative to the structural genes for the glycerolutilizing enzymes, I used the gene transfer system of R. capsulata (7) . Secondary mutants incapable of glycerol assimilation were produced by UV irradiation of L1 and isolated by a penicillin selection technique (1) (Table 3) . Most of these mutants had no glycerophosphate dehydrogenase activity and reduced glycerokinase activity, but a few had neither. For those strains, such as 137, having no glycerophosphate dehydrogenase and reduced amounts of glyceroki- f The actual specific activity was 133.4.
nase, it was assumed that there was a mutation in the structural gene for glycerophosphate dehydrogenase. The gene transfer experiment is described in Table 4 . Although both crosses resulted in approximately equal numbers of photosynthetic recombinants, the number of glycerol-utilizing recombinants resulting from the 137 x 'W1 cross was drastically lower than the number obtained from the L, x Wl cross. This indicated that the genetic lesion in L, which conferred the ability to utilize glycerol was located so close to the structural gene for glycerophosphate dehydrogenase that the two were usually transferred on the same piece of DNA in the gene transfer system. The number of photosynthetic recombinants was always much greater than the number of glycerol-utilizing recombinants. Extensive experimentation with different media failed to correct this imbalance, indicating that the problem was not in the selection procedure. The difference could have been due to the possible requirement for two mutations for the appearance of the original L, phenotype. Even if The data reported here support the conclusion that wild-type R. capsulata has genes capable of coding for the catabolism of glycerol but is unable to express them. In each of the L-series mutants, the same enzymes were expressed, indicating that the original lesion probably did not occur in the structural genes. It has been reported that the glycerol-utilizing enzymes of L1 are modulated coordinately (5) . The present study of strains L3 and L4 provides further evidence of this coordinate control: in these mutants, both enzymes were present in much lower amounts than those seen in strains L, and L2. When glycerokinase was present in the absence of glycerophosphate dehydrogenase, it was always present in a reduced amount ( Table  3 ). The reduction could have been due to a polar effect, which would indicate that the genes for glycerokinase and glycerophosphate dehydrogenase were clustered. There may be other explanations for this reduction, and more work will be necessary to determine the exact cause. The absence of any secondary mutant with glycerophosphate dehydrogenase activity and no glycerokinase could not be explained, but it might have been due to the necessity of having intracellular glycerol-3-phosphate, as has been shown for E. coli (4) .
Bacteria acquire the ability to utilize new substrates by a variety of mechanisms (3). Inducible enzymes which have some affinity for the novel substrate may become constitutive, or previously existing enzymes may be altered by mutations and gain the ability to act on the new substrate. The data reported here best fit a model in which the lesion occurred at or near a promoter site for the glycerol-utilizing enzymes.
This could have resulted from a deletion which brought the promoter and structural genes together or point mutations which created promoters near the structural genes. A difference in the size of the deletions or in the other mutations could have accounted for the differences among the glycerol-utilizing mutants.
